Longitudinal aerodynamic characteristics of a fighter model with a close-coupled canard at Mach numbers from 0.40 to 1.20 by Re, R. J. & Capone, F. J.
NASA Technical Paper 1206 
Longitudinal  Aerodynamic 
Characteristics of a Fighter Model 
With a Close-Coupled Canard  at 
Mach Numbers From 0.40 to 1.20 
Richard J. Re and Francis J. Capone 
Langley Research Center 
Hamptotr, Virginia 
National  Aeronautics 
and Space Administration 
Scientific  and  Technical 
Information  Office 
1978 
https://ntrs.nasa.gov/search.jsp?R=19780019193 2020-03-22T03:03:41+00:00Z
SUMMARY 
An investigation of the  longitudinal  aerodynamic  characteristics of a fighter  model 
with a close-coupled  canard  mounted  above  the  wing  chord  plane  has  been  conducted. 
Model  angle of attack  was  varied  from -4' to 15O; canard  incidence  was  varied  from -5' 
to 1 8 O ;  and  selected  canard  and  wing  flap  deflections  were  investigated. 
The  model  could be trimmed by  changing  canard  incidence  for lift coefficients  up 
to 0.80 at  subsonic  free-stream  Mach  numbers. By using  the  canard  incidence  for  trim 
(with canard  and  wing  flaps at O o ) ,  maximum  trimmed  lift-drag  ratios of about 8.8, 7.7, 
and 4.7 were  obtained at free-s t ream Mach numbers of 0.40, 0.90,  and  1.20,  respectively. 
At a lift  coefficient of 0.60, model  trim  angle of attack  could be varied  over  an  incremen- 
tal range  (nose-pointing  capability)  between 3.0' and 3.8', depending on Mach number, by 
different combinations of control  settings. At high lift coefficients,  larger  trimmed lift- 
drag  ratios  were  obtained by using  the  deflection  capability of the  canard  leading-  and 
trailing-edge  flaps  before  increasing  canard  incidence  angle. 
INTRODUCTION 
The  potential  benefits of the  canard-wing  configuration  for  maneuvering aircraft 
have  been  investigated  in  generalized lift interference  studies of various  canard-wing 
arrangements. (See refs .  1 to 7.) Canards, when positioned appropriately, offer attrac- 
tive  features  such as increased  trimmed  lift  capability  and  the  potential  for  reduced 
trimmed  drag. When the  canard-wing  configuration,  with  its  advantages, is coupled with 
control  configured  vehicle  concepts,  that is, vehicles  with  relaxed  or  negative  stability 
margins,  improved  maneuver  potential  results.  The  generation of trimmed  direct  lift 
and side force with a close-coupled  canard-wing  combination  expands  the  capability  for 
nonconventional  flight  modes  such as vertical   or  lateral   translation (without  aerodynamic 
cross-coupling)  and  the  ability  to  point the nose of the  vehicle away from  the  flight  path 
(gun pointing).  Discussions of the  military  applications of nonconventional  flight  modes 
in  control-configured  vehicles are contained  in  references  8  to 11. 
The  present  investigation  was  conducted  to  determine  the  longitudinal  aerodynamic 
characterist ics of a configuration  whose  planform  was  more  typical of a fighter  than  the 
close-coupled  canard  configurations of references 1 to 6. The  wing  had  an  aspect  ratio 
of 2.759, a taper   ra t io  of 0.200, 50' leading-edge  sweep,  and  full-span  leading-  and 
trailing-edge  flaps.  The  canard  which  was  positioned  above the wing  plane  had an  aspect 
ra t io  of 2.506, a taper   ra t io  of 0.376, 45O leading-edge  sweep,  and  full-span  leading-  and 
trailing-edge  flaps. 
The  investigation  was  conducted  in  the  Langley  16-foot  transonic  tunnel at free- 
s t ream Mach numbers  from 0.40 to 1.20 and at angles of attack  from -4O to  15'. Canard 
incidence  angles  were  varied  from - 5 O  to 18' with  selected  configurations  having  canard 
leading-  and  trailing-edge  flaps  deflected up to  15'. Model  configurations  were  tested 
with  wing  leading-edge  flaps  deflected  up  to 15O and  with  trailing-edge  flaps  deflected  up 
to loo. 
The  results of a wind-tunnel  investigation of this  model  with  the  canard  panels 
deflected  incrementally or differentially as direct   side-force  generators are reported 
in  reference 12. 
SYMBOLS 
All  aerodynamic  coefficients are referenced  to  the  wind-axis  system  except  the 
fuselage  base  axial-force  coefficient,  which is referenced  to  the  body-axis  system.  The 
moment  reference  center,  which  represented  an  airplane  center of gravity,  was  located 
at a point 98.22 cm  rearward of the  fuselage  nose  and  in  the  plane of the  uncambered wing. 
(See fig. 1.) All  dimensions  presented are in  the  International  System of Units (SI). 
AB fuselage  base area, 91.44 cm2 
CA,B  fuselage  base  axial-force  coefficient, -  - 
CD drag  coefficient, 
Drag 
qs 
cD,O drag  coefficient at CL = 0 
CL lift coefficient, - Lift qs 
cLCY lift-curve slope at CY = Oo, per  deg 
'Ldc,trim 
ra te  of change of trimmed  lift  coefficient  with  canard  incidence  angle 
(measured at &,tr im = Oo) ,  per deg 
' L h , t e  
ra te  of change of lift coefficient for CY = 0' with wing trailing-edge flap 
deflection angle (measured at b , t e  = Oo) ,  per   deg 
CL ,o lift  coefficient at CY = OO 
2 
Cm pitching-moment  coefficient, 
Pitching  moment 
q S E  
CmCL  longitudinal  stability  parameter at CL = 0 
' m b  ,te rate of change of pitching-moment  coefficient  with  wing  trailing-edge  flap 
deflection (measured at b , t e  = Oo for (Y = Oo), per deg 
Cm ,O pitching-moment  coefficient at CL = 0 
E wing  mean  geometric  chord, 42.654 cm 
E C  canard  mean  geometric  hord  based  on  total  planform  to  fuselage  center-line 
plane, 21.852 cm 
CY 
A 
6, 
6c ,le 
6c ,te 
root  chord of exposed  aerodynamic  surface,  measured  streamwise,  cm 
tip  chord,  measured  streamwise,  cm 
lift-drag  ratio 
f ree-s t ream Mach number 
f ree-s t ream  s ta t ic   pressure 
s ta t ic   pressure in  fuselage base 
free-stream  dynamic  pressure 
reference wing area  ( total) ,  0.3808 m2 
angle of attack,  deg 
increment in coefficient or deflection  angle 
canard  incidence  angle  (positive  leading  edge  up),  deg 
canard  leading-edge  flap  deflection  angle  (positive  leading  edge down), deg 
canard  trailing-edge  flap  deflection  angle  (positive  trailing  edge  down),  deg 
3 
&,le 
S, ,te 
Subscripts: 
max 
t r im 
wing  leading-edge  flap  deflection  angle  (positive  leading  edge down), 
OO/Oo indicates  inboard  flap  segment  deflection  angle/ 
outboard  flap  segment  deflection  angle, deg 
wing  trailing-edge  flap  deflection  angle  (positive  trailing  edge down), 
Oo/OO indicates  inboard  flap  segment  deflection  angle/ 
outboard  flap  segment  deflection  angle,  deg 
maximum 
trimmed 
DESCRIPTION OF MODEL 
The  geometry of the  model  and  the  external  contours of the  fuselage are shown in 
figures 1 and 2, respectively. A photograph showing the sting-mounted model in the 
wind-tunnel  test  section is presented  in  figure 3. 
The  uricambered  wing  had  an NACA 65A005 airfoil  section  at  the wing-body juncture 
and  varied  linearly  in  thickness  to  an NACA 65A004 airfoil   section  at   the wing  tip.  The 
wing  had a leading-edge  sweep of 50°, an  aspect  ratio of 2.759, a taper  ratio of 0.200, and 
Oo dihedral.  Each  wing  panel  had  two  leading-  and  trailing-edge  flap  segments as shown 
in  figures  l(a)  and  l(b).  The  flap  deflection  brackets,  which  were  located  on  the  wing 
upper  surface,  were  interchangeable  continuous  spanwise  strips  smoothed  on  the  upper 
surface  to  remove  the  sharp  corner  along  the  hinge  line.  The  gaps  between  the  flaps  and 
main  wing  structure  were  sealed by the  brackets  and  filler  material. 
The  uncambered  canard  had  an NACA 65A005 airfoil  section at the  canard-body 
juncture and varied  linearly  in  thickness  to  an NACA 65A003 airfoil  section at the  tip. 
The  canard  had a leading-edge  sweep of 45O, an  aspect  ratio of 2.506, a taper  ratio of 
0.376, and 5' dihedral  when  mounted on the  model.  The  canard-panel  axis of rotation 
was  in a plane 66.68 cm  rearward of the  nose.  The  surface of the  fuselage  in  the  vicin- 
ity of the  canard  root  was  basically flat in  the  plane  perpendicular  to  the  canard-panel 
axis of rotation  (fig. 4), so that as the  canard  rotated,  only a small  gap  occurred  between 
the  canard  leading  edge  and  the  fuselage  side.  The  ratio of exposed  canard  area  to  wing 
reference area was 0.1943. Each  canard  panel  had a full-span  leading-  and  trailing-edge 
flap as shown  in  figures  l(a)  and  l(c).  Flap  deflections  were  achieved  in  the  same  man- 
ner  as previously  described  for  the wing. 
4 
I .... "" 
The  twin  vertical tails were  perpendicular  to  the  wing  chord  plane  and  were  canted 
outboard 3 O  about  the  point of intersection  between  the  tail-root  trailing  edge  and  the  wing 
trailing  edge.  The  vertical tails had NACA 65A004 airfoil  sections at the  root  varying 
linearly  in  thickness  to NACA 65A003 airfoil  sections at the  tip.  The  twin  ventral  fins 
on the  wing  lower  surface  were  perpendicular  to  the  wing  chord  plane  and  were  canted 
inboard 30 about  the  point of intersection  between  the  ventral  root  trailing  edge  and  the 
wing  trailing  edge.  The  ventral  fins  had NACA 65A003 airfoil  sections. 
The  fuselage  represents  that of a single-engine  fighter aircraft with a chin  inlet 
(faired  over, see fig. 1) and  an  external  nozzle  geometry  representing  an  afterburning 
power  setting.  The  inlet  was  faired  over  because  the  model  was  originally  designed  for 
high-pressure air propulsion-simulation  testing  with a support-strut  mounting  system 
beneath  the  nose. For the  present  investigation,  the  model  was  sting  supported  in  the 
tunnel.  The  sting  diameter  was  6.35  cm at the  model  base. 
TESTS AND CORRECTIONS 
The  investigation  was  conducted  in  the  Langley  16-foot  transonic  tunnel, a single- 
return  atmospheric  wind  tunnel  with  continuous air exchange.  The  slotted  test  section is 
octagonal  in  shape  and  measures 4.724 m  between  opposite  walls  (an area equivalent  to a 
circle 4.85  m  in  diameter).  The  tunnel  sting-support  system  pivots  in  such a manner 
that  the  model  remains on or near  the  test-section  center  line  throughout  the  angle-of- 
attack  range. 
The  model  was  tested  at  free-stream  Mach  numbers  from 0.40 to 1.20, at angles of 
attack  from -4' to 15O, and at a sideslip  angle of 0'. Reynolds  number,  based  on  wing 
mean geometric chord, varied from 3.4 X 106 at M = 0.40 to 5.6 X 106 at M = 1.20. 
Aerodynamic  forces  and  moments  were  measured by an  internal  six-component 
strain-gage  balance. Model angle of attack  was  obtained by correcting  the  angle of the 
model  support  system  for  deflection of the  sting  and  balance  under  aerodynamic  loads 
and for  test-section  stream  angularity.  The  force  data are adjusted to the conditions of 
f ree-s t ream  s ta t ic   pressure at the  fuselage  base.  Some  examples of the  magnitude of 
the  fuselage  base  pressure  adjustment are shown  in  figure  5  in  base  axial-force  coeffi- 
cient  form. 
All  configurations  were  tested  with  fixed  boundary-layer  transition  on  the  model 
surfaces.  The  transition-fixing  strips  consisted of 0.25-cm-wide straight-line strips of 
No. 120  silicon  carbide  grit  connecting  points  0.05cr  and O.lOct aft of the  leading  edges 
of the  wing,  canard,  and  vertical tails. The  transit ion  strips on  the  ventral  fins  were 
located at a constant  distance  (0.05cr)  from  the  leading  edge.  A  transition  band on the 
fuselage  nose  was  located 2.54 cm  rearward of the  tip of the  nose. 
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PRESENTATION OF RESULTS 
The  data  obtained in this  investigation  are  presented  graphically  in  figures 6 to 20. 
The  model  geometric  variables  included  in  the  basic  data  comparisons  (figs. 6 to 14) a r e  
listed in the  following  table: 
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An outline  of  the  aerodynamic  parameter and summary  data  figures  follows: 
Figure 
Effect of canard  incidence on model  longitudinal  aerodynamic  parameters. 
&,le = &,te = Oo/Oo; 6c,Ze = 6, ,te = Oo; vertical  tails and ventrals on . . . .  15 
Trimmed  model  characteristics  with  canard as trimming  surface. 
%,le = ,te = Oo/Oo;  & l e  = 6,,te = Oo; vertical  tails and 
ventrals on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
Effect of wing  trailing-edge  flap  deflection on model  longitudinal 
aerodynamic  parameters  with  canard on and off. b,le = Oo/Oo;  
vertical  tails and  vehtrals  on . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Effect of wing  trailing-edge  flap  deflection  and  free-stream  Mach 
number on model longitudinal aerodynamic parameters with 6, = 1 8 O  
and 6c,le = 6c,te = 15'. $,le = Oo/5O; vertical  tails and ventrals on . . . . .  18 
Trimmed  model  characteristics  with  wing  trailing-edge  flaps as trimming 
s u r f a c e s .  b , l e  = 00/5O; 6, = 18'; 6c,ze = 6c,te = 15'; vertical  tails 
and ventrals on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19 
Variation of drag  coefficient  with  pitching-moment  coefficient  for all 
control  variables  (canard on) for  constant  values of lift coefficient 
at M = 0.40 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 
DISCUSSION O F  RESULTS 
Effect of Canard ( 6 ~  = Oo) 
The  effect of the  canard (at 6c = Oo) on the model  with  the  canard  and  wing  flaps 
undeflected is shown  in  the  basic  data of figure 6. At angles of attack  up  to  about 5O, 
addition of the  canard  had  no  significant  effect on lift. This effect indicates, as do earlier 
studies,  that  the  additional lift associated  with a close-coupled  canard  mounted  on o r  
above  the  wing  plane is counteracted by a comparable  loss  in  wing lift  due to  the  canard 
downwash  flow  field. At angles of attack  above 5' the  model  with  the  canard on produced 
more lift, and  the lift curve  remained  more  nearly  l inear  with  increasing  angle of attack. 
This effect is probably  caused by favorable  interference  between  the  wing  and  canard flow 
fields  which  results  in a delay  in  the  breakdown of the  vortices  on  the  wing as discussed 
in  reference 5. 
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Effect of Canard  Incidence 
The  effects of canard  incidence (with wing  and  canard flaps undeflected) on the basic 
longitudinal  aerodynamic  characteristics of the  model are shown  in  figure  6  and  in  sum- 
mary  form  in figure 15. At low angles of attack,  deflecting  the  canard  from Oo to 18' inci- 
dence increased the lift coefficient by about 0.05 for M = 0.40 to 0.90 (fig. 15(a)). At 
M = 0.40 and  high  incidence  angles,  the  canard  loses  much of its pitch  effectiveness at 
lift coefficients of 0.40 and'above (fig. 6(a)). Canard pitch effectiveness, in general, 
decreased with  increasing lift coefficient  and/or  canard  incidence  angle,  although  this 
trend  diminished  with  increasing  Mach  number. 
As  canard  incidence  was  increased,  drag  coefficient  increased  at  most  positive lift 
coefficients.  The  increase  in  drag  was  especially  large  for  canard  incidences  above 5' 
as can  be  seen by comparisons of minimum  drag (fig.  6) and  drag at zero  lift (fig. 15(b)). 
The  increase  in  drag  due  to  increased  canard  incidence  angle  for a given lift shifted 
the  drag  polars (fig. 6) so that   large  decreases  in  maximum  l if t-drag  ratio  occurred 
(fig. 15(b)). For example, at M = 0.40, maximum lift-drag ratios of 10.0 and 4.0 were  
obtained  with  canard  incidences of -5' and 18O, respectively. 
Trimming With Canard  Incidence 
The  basic  model  with  the  wing  and  canard  flaps  undeflected  was  tested at sufficient 
canard  incidence  angles (fig.  6) so that   tr immed  drag  polars  and  tr im  parameters could 
be determined (fig. 16). A maximum trimmed  l if t-drag  ratio (fig. 16(c)) of about 8.8 was 
obtained at M = 0.40, remained  nearly  constant  up  to  M = 0.80, and decreased  to 7.7 at 
M = 0.90. At M = 1.20, the  maximum  trimmed  lift-drag  ratio  was 4.7 or about one-half 
the low speed  value.  The  canard  incidence  angle  for  maximum  trimmed  lift-drag  ratio 
was  in  the  range  from lo to 5 O  for all the  Mach  numbers  investigated. 
At M = 0.40 to 0.90, the  model  was  trimmed  up  to a lift coefficient of 0.80 within 
the  angle-of-attack  range  investigated.  The  variation  with lift coefficient of canard  inci- 
dence  angle  required  for  trim is shown  in  figure  16(a)  for  various Mach numbers.  A 
c ross  plot of trim  angle of attack  with  Mach  number  for  constant  values of lift  coefficient 
(fig.  16(b))  indicated  only  small  variations  in  trim  angle of attack  over  the Mach  number 
range. 
Effect of Canard  Flap  Deflections 
With the  canard at incidence  angles of 0' and loo (fig. 7) deflection of the  canard 
leading-  and  trailing-edge  flaps  produced  nearly  constant  positive  pitching-moment  coef- 
ficient  increments  over  the  lift-coefficient  range  at all f ree-s t ream Mach numbers. 
With the  canard  at 1 8 O  incidence  angle, a 15' deflection of the  canard  leading-  and 
trailing-edge  flaps  (figs.  6  and 11) increased  the  longitudinal  stability  of  the  model  at low 
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Mach numbers. Comparison of the CmcL variation with Mach number for the model 
with  the  canard  leading-  and  trailing-edge  flaps  undeflected (fig. 15(c))  and  deflected 15' 
(fig. 18(a))  indicates  that  deflecting  the  flaps  doubled  the low lift stability at M = 0.40 
and  had  essentially  no effect at M = 0.90. 
Effect of Wing  Trailing-Edge  Flap  Deflection 
The effects of wing  trailing-edge  flap  deflection on the basic longitudinal  aerody- 
namic  characteristics of the  model  with  the  canard  on are presented  in  figures  9,  10, 
and 11. Summary  data  for  figures  9  and 11 are presented  in  figures  17 (6, = Oo) and 18 
(6c = 1 8 O ) ,  respectively.  Although  the  canard  leading-  and  trailing-edge  flaps  were at 
15' for  the  data of figure 11 (6c = 18') and at 0' for  the  data of figure  9 (6c = Oo) , the 
effects of wing  trailing-edge  flap  deflection  were  quite  similar.  The  data shown in  fig- 
ure  13  indicate  that  the  difference  in  outboard  wing  leading-edge  flap  deflection of 5' 
between  the  configurations of figures 9  and 11 has no effect on  the  model  longitudinal 
aerodynamic  characterist ics  for  the  free-stream Mach  number  and  angle-of-attack 
range of this  discussion. 
The  negative  pitch  increfients  due  to  wing  trailing-edge  flap  deflection  were  con- 
stant  over  the lift range  for  both  canard  incidence  angles  (figs.  9  and 11). However, 
wing  trailing-edge  flap  pitch  effectiveness  was  greater  with Oo canard  incidence  than 
with 1 8 O  incidence. (Compare figs. 17(c) and 18(c).) Wing trailing-edge flap pitch effec- 
tiveness  increased  with  Mach  number  for Oo canard  incidence  but  remained  essentially 
constant  with  Mach  number  for 18' canard  incidence. 
The effects of wing  trailing-edge  flap  deflection on the  basic  longitudinal  aerody- 
namic  characteristics of the  model  with  the  canard off are presented  in  figure 8 and  in 
summary  form  in  figure 17. Because of the aft wing location, the model longitudinal sta- 
bility  CmC  (fig.  17(a)) was greater  (about -0.22) without the canard. Lift and pitch 
effectiveness  parameters at a! = Oo for the wing trailing-edge flap (fig. 17(c)) were  
essentially  the  same  with o r  without  the  canard Over the  free-stream Mach number  range. 
L 
Tr im Angle-of-Attack  Range at Constant  Lift  Coefficient 
With the  canard at an incidence  angle of 1 8 O  and  the  canard  leading-  and  trailing- 
edge  flaps  deflected 15O, the  model  was  tested  with  wing  trailing-edge  flaps at O o / O o ,  
5'/5O, and 10°/lOo (fig. 11). Trim  points  were  obtained  for  the  two  higher  wing  trailing- 
edge flap settings at moderate to high lift coefficients at M = 0.40 to 0.90 (fig. 19). The 
model  trimmed at lift-drag  ratios  between 3.2 and 4.3 for lift coefficients  between  0.88 
and 0.50. A c ross  plot of tr im  angle of attack  with  Mach  number  for lift coefficients of 
0.60 and 0.80  (fig.  19(b)) shows  only a small   variation in tr im  angle of attack  over  the 
Mach  number  range.  Comparison of the  tr im  angle  of  at tack  cross  plots (figs. 16(b) 
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and  19(b))  indicates  the  trim  angle-of-attack  range  the  model  can be pitched  through at 
a given lift coefficient  and  Mach  number  by  different  combinations of control  settings. 
That is, model  trim  angle of attack  can be varied  over an incremental  range  (nose- 
pointing  capability)  between 3.0° and 3.8', depending  on  Mach  number, at a lift coeffi- 
cient of 0.60. It c a n a l s o  be varied  over  an  incremental   range of 2.6O at a lift  coeffi- 
cient of 0.80. 
Trimmed  Lift-Drag  Ratios at Constant  Lift  Coefficients 
Examination of the  drag  polars  and  pitching-moment  curves of figures 6,  7, and 11 
indicates  that  to  trim  with  the  canard  for  the  least  drag at a given  high  lift, it is best to  
use  the  full  deflection  capability of the  canard  trailing-edge  flaps  before  increasing  canard 
incidence.  This is illustrated  in  figure 20 where  the  variation of drag  coefficient  with 
pitching-moment  coefficient  for all the  control  variables  (canard on) is presented  for con- 
stant  values of lift coefficient at M = 0.40. Figure 20 is constructed  from  cross  plots of 
the  basic  data;  the  symbols  there  indicate  discrete  geometric  control  settings  and  not 
actual  data  points. For the  free-stream Mach  number  illustrated by figure 20, tr imming 
the  model by increasing  canard  incidence  from Oo to  approximately 5O (at CL = 0.80) 
resul ts  in a lift-drag  ratio of 3.9, while  trimming  by  deflecting  the  canard  leading-  and 
trailing-edge  flaps  to 5O and 15O (&jC = O o ) ,  respectively,   results  in a lift-drag  ratio 
of 4.3. This is about a 15-percent increase in lift-drag ratio. At lift coefficients of 
0.60 and 0.40 there  were  comparable  increases  in  trimmed  lift-drag  ratio  although  the 
percent  increases  were  smaller  because of the  larger  lift-drag  ratios. At a lift coeffi- 
cient of 0.20, trimmed  lift-drag  ratio  showed no improvement when using  canard  flap 
deflection  instead of canard  incidence. 
The  trends  exhibited  in figure 20 for  deflection of the  wing  leading-edge  flaps at 
high lift coefficients  (to  improve  wing  leading-edge  suction)  indicate  that  additional 
improvement  in  trimmed  lift-drag  ratio  should  be  attainable  when  the  wing  leading-edge 
flaps are deflected  in  conjunction  with  the  canard  leading-  and  trailing-edge  flaps. 
SUMMARY O F  RESULTS 
An investigation of the  longitudinal  aerodynamic  characteristics of a fighter  model 
with a close-coupled  canard  mounted  above  the  wing  chord  plane  has  been  conducted. 
Canard  incidence  was  varied  from -5O to 1 8 O ,  and  selected  canard  and  wing  flap  deflec- 
tions  were  investigated.  The  results of the  investigation  which  was  conducted  over a 
free-s t ream Mach  number  range  from 0.40 to 1.20 and at angles of attack  from -4' to 15' 
are summarized as follows: 
10 
1. The  model  could  be  trimmed by  changing canard  incidence  (canard  and  wing  flaps 
at 0') for lift coefficients  up  to 0.80 at subsonic  free-stream  Mach  numbers. 
2. Maximum trimmed  l if t-drag  ratios of about 8.8 ,  7.7, and 4.7 were  obtained at 
free-stream Mach numbers of 0.40, 0.90, and  1.20,  respectively, by  using  the  canard 
incidence  for  trim  (with  canard  and  wing  flaps at Oo). 
3. With  the  canard at 18O incidence  and  the  canard  leading-  and  trailing-edge  flaps 
deflected 15', the  model  trimmed at lift  coefficients  between 0.50 and 0.88 using  wing 
trailing-edge  flaps (0' to  loo deflection) as the  trimming  surfaces at subsonic free- 
s t ream Mach  numbers. 
4. At a lift coefficient of 0.60, model  trim  angle of attack  could be varied  over  an 
incremental  range  (nose-pointing  capability)  between 3.0' and 3.8', depending  on  Mach 
number, by different  combinations of control  settings. 
5. At high lift coefficients,  larger  trimmed  lift-drag  ratios  were  obtained by using 
the full  deflection  capability of the  canard  leading-  and  trailing-edge  flaps  before  increas- 
ing  canard  incidence  angle. At a lift coefficient of 0.80, trimming  with  canard  incidence 
(canard  flaps  undeflected)  resulted  in a lift-drag  ratio of 3.9 ,  while  holding the canard at 
0' incidence  and  trimming by deflecting the canard  leading-  and  trailing-edge  flaps 5' 
and 15', respectively,  resulted  in a lift-drag  ratio of 4.3 .  
Langley Research  Center 
National  Aeronautics  and  Space  Administration 
Hampton, VA 23665 
May 23, 1978 
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Figure 8.- Effect of wing  trailing-edge  flap  deflection on model  longitudinal  aerodynamic 
characteristics with canard off. S, = Oo/Oo;  vertical  tails and ventrals on. 
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Figure 8.- Concluded. 
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Figure 9.- Effect of wing  trailing-edge  flap  deflection  on  model  longitudinal  aerodynamic 
characteristics with canard on. %,le = O o / O o ;  6, = 0'; 6,,le = dc,te = 0'; vertical  
tails  and  ventrals on. 
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Figure 9.- Concluded. 
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Figure 10.- Effect of wing  trailing-edge  flap  deflection on  model  longitudinal  aerodynamic 
characteristics with canard on. %,le = 10°/lOo; 6, = Oo;  6c,le = 6,,te = Oo;  verti-  
cal  tails and  ventrals  on. 
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Figure 10.- Continued. 
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Figure 11.- Effect of wing  trailing-edge f lap deflection  on  model  longitudinal  aerodynamic 
characteristics  with  canard on. = Oo/5O; 6, = 18'; dc,ze = 6,,te = 15'; vert i -  
cal  tails and ventrals on. 
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Figure 11.- Continued. 
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Figure 11.- Continued. 
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Figure 11.- Concluded. 
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(a) M = 0.40. 
FiLwre 12.- Effect of wing leading-edge  flap  deflection on model  longitudinal  aerodynamic 
characterist ics with canard on. &,te = Oo/Oo;  dc = 0'; dc,le = d,,te = 0'; Vertical 
tails  and  ventrals on. 
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Figure 12.- Contin ued. 
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Figure 12.- Continued. 
53 
46.1 
(d) M = 0.90. 
Figure 12.- Concluded. 
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Figure 13.- Continued. 
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Figure 13.- Continued. 
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Figure 13.- Concluded. 
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Figure 14.- Effect of wing trailing-edge  flap  deflection  and  wing  inboard  leading-edge  flap 
deflection On model longitudinal aerodynamic characteristics with canard on. 6, = 0'; 
%,le = 6 c ,te = Oo; vertical  tails and ventrals on. 
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Figure 14.- Continued. 
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Figure 14.- Concluded. 
62 
"" 18 
cL a 
M 
(a) CL,O and CL,. 
Figure 15.- Effect  of  canard  incidence on model  longitudinal  aerodynamic  parameters. 
$,ze = h , t e  = O o / O o ;  bc,le = bc,te = Oo; vertical tails and ventrals  on. 
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Figure 16.- Continued. 
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Figure 17.- Effect of wing trailing-edge flap deflection on model Iongitudinal aerodynamic 
parameters with canard on and off. = Oo/Oo; vertical tails and ventrals on. 
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Figure 18.- Effect of wing  trailing-edge  flap  deflection  and free-stream Mach number on 
model longitudinal aerodynamic parameters with bc = 18' and 6c,~e = b,,te = 15'. 
&,le = Oo/5O; vertical tails and  ventrals on. 
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Figure 19.- Trimmed model characteristics with wing trailing-edge  flaps as trimming 
surfaces. = Oo/5O; dc = la0; = dc,te = 15'; vertical  tails and ventrals 
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is generated  from crossplots of basic data; symbols indicate geometric control set- 
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